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the degree of accuracy wit,h which the data show its 
changes of temperature. The data have been subjected 
to various forms of analysis which need not be described 
here. As a result, it  is felt that they are enhirely ade- 
quate to show the changes that are taking place in any 
region in which the areal distribution of temperature is 
fairly uniform and the disposition of the observations 
reasonably constant. A region like that between. New 
York and Bermuda must, however, be excepted, on 
account of the great mixture of warm and cold waters 
found there. Probably no single group of observations, 
such for instance as those taken by all vessels crossing 

the region in a given month, could be depended upon to 
give the true mean surface temperature of such a region 
as a whole, even though the individual observations were 
highly accurate. Even continuous records of tempera- 
tures, obt,ained by means of sea water thermographs, 
might not suffice for more than the ships’ courses in 
t,liese regions of escep tional temperature range. The 
Weather Bureau has recently installed such an instru- 
ment on a vessel plying between New York and Porto 
Rico and it hopes that the data which will soon be 
available will shed further light on this important subject. 

RECENT INVESTIGATIONS ON T H E  ENERGY IN T H E  EARTH’S ATMOSPHERE, ITS TRANSFORMATION A N D  DIS- 
SI PAT1 ON 

In  the physical system of the earth’s atmosphere,. we 
find numerous forms of energy displayed on a gigantic 
scale; and transformations from one form to another are 
continually taking place ( I ) .  Kinet,ic energy, in par- 
ticular, is constantly being dissipated-transformed by 
friction and turbulence into heat which is ultimat,ely 
radiated away-and hence a continuous supply of e.nergy 
must be available to maintain the ceaseless acbivity of 
the atmosphere against t,he action of the resist,ing 
influences. The only available adequate s0urc.e of all 
except an infinitesimal amount of atmospheric energy is 
ultimately the solar radiation which is intercepted by 
the earth (2). The atmosphere acts like a gigantic 
heat-engine, transforming radiant energy from the sun 
into the energy of atmospheric phenomena; and the 
general problem of meteorology consists of elucidating the 
details of the mechanism and the processes by which, 
under the usual laws of dynamics and thermodynamics, 
this energy results in the production and maint,enance of 
the sequence of atmospheric phenomena, these phe.nom- 
ena collectively makin Up the cont(inua1 ac.tivity in the 

distribution of the meteorological elements tha.t provide 
the daily weather for every part of the globe (3). 

From the approximately known mass (4) of, and mean 
wind velocities in, the earth’s atmosphere, Brunt (5 )  
concludes that the total kinetic energy of the general or 
planetary circulation is of t,he order of 3 x IO” ergs; 
considerable additional kinetic energy is frequently 
developed in storms, as Shaw has pointed out (6). The 
equations of motion show t,hat the rate of dissipation of 
kinetic energy due to the virtual internal friction intro- 
dwed by turbuleme is equal to t<he. pr0duc.t of the 
pressure gradient into the component of wind velocity 
in the direction of that gradient. In  steady motion along 
an isobar (frictionless gradient wind) there is no dis- 
sipation, but if, due to turbulence, there esists any 
motion across an isobar into lower pressure, the,re is a 
dissipation; and a steady motion can be niaint,ained 
only if energy is supplied a t  a rate equal to the product 
of velocity of inflow and gradient (5 ) .  

The theory of the variation of wind velocity with 
height, produced by turbulence, makes possible an inte- 
gration which shows that the t,otal loss of energy due to 
turbulence in a column extending from the surfwe to the 
limit of the atmosphere is prac,tically equal to the loss in 
the column estending from the surface to that height 
(about one kilometer) a t  which gradient direction is 
first attained, consequently the dissipation of e,nergy 
by turbulence is, as we might expect, effectively re- 
stricted to the layer below this height (5 ) .  At greater 
heights, the changes of wind with elevation are deter- 

atmosphere, and invo 7 ving the changes in the daily 
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mined, not by turbulence produced a t  the ground, but 
by the horizontal distribution of temperature; and the 
rate of loss of energy must be determined in a different 

Neglecting the dissipation above 10 kilometers, Brunt 
finds, finally, for the rate of loss of kinetic energy above 
one square meter of the earth’s surface (6): From surface 
to  1 kilometer, 3 s kw./m.?; from 1 to 10 kilometers, 
2 s kw./m.? 

If the rate of dissipation be assumed proportional to 
the energy remaining, the kinetic energy of the general 
circulation would be reduced to 0.1 its value in three da s. 

energy into kinetic energy of winds. After allowance is 
made for the earth’s albedo of 37 per cent, the remaining 
67 per cent which constitutes the effective incoming solar 
radiation (i. e., that which is absorbed, and in some way 
used up in the production of weather phenomena, 
before being again returned to space) is found to average 
for the whole earth 0.22 kw./m.2; the conversion of a little 
over 2 per cent of this into the particular form of kinetic 
energy of winds in the planetary circulation would 
make up for the continual dissipation of the latter’ (5). 

No completely satisfactory and universally acceptable 
theory has yet been put forward, however, which ex- 
plains the details of the mechanism of the continuous 
dynamic and thermodynamic process by which solar 
energy is converted into atmospheric energy. The major 
actuating cause of atmospheric activity is undoubtedly 
the unequal heating and cooling in different latitudes. 
This sets up temperature differences that in turn set up 
pressure differences, and lead to a planetary circulation 
involving interzonal exchange of air by way of the 
cyclones, anticyclones, and other secondary phenomena 
which come into existence in the temperate zone. The 
highly complicated and irregular circulations thus set up 
are, however, far from being completely understood or 
accounted for. 

If we regard the phenomena eshibited by separate 
niasses of air, we have little difficulty in finding evidence 
of all the separate stages of the thermal cycle of a heat- 
engine (5). A thermodynamic engine must operate 
between two different temperatures. The “boiler” of 
the atmospheric engine is that part of the land and sea 
warmed above the temperature of the overlying. air bv 

way (7). 

This loss must be made up by the conversion of soar T 

1 The cross serlinn ol the solar beam constantly being intercepted by  the earth is 
*Ha. It=rddlus of earth; averaging the energy in this beamovcrtheentiresurf~ceof the 
enrlh, and takiiig lhe solar constant to  be 2 g. cal. per cm.’ par min., we find that i f  
tho solar energy were spread uniformly over the whole earth at all times. each squaro 
centimeter would continually reccire 2 ks-. 5 g. cal. Imin.; considering. 37 of this to be 
reflected and scat.tered to space without ever tsking any part in the thermodynamic 
processes ol the :rtmosphere, we are left w i th .  315 g. cal. per cm.: per min., or 23 liw. Im.2 
for the yffective inroluing energy; 2 per cent of this is 4.4 I l(rakw./m.’, while the total 
dissipation is 5 x 10-3 kw./m.*. 
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solar radiation, together with those parts of the at- ence of solar energy into kinetic energy may in part be 
mosphere which are warmed direct(1y by solar radiabion; brought about through the ascent of warm humid air 
such conditions are particularly marked in t,ropical regions within the Tropics, the ascended air moving poleward 
The “condenser” is any part of t,he surfac.e of land or aloft, but be,ing able to desce,nd in middle latitudes in 
sea colder than the air nhove it,, and any part of the, spit,e of the thermal st,rat,ification on account of cooling 
atmosphere which is, in t,lie net,, losing heat by radia.tion; by radiation. It, completes a cycle by moving equator- 
these conditions are most effectmirely present in t8he vast ward over the surface ( 1 1 ) ;  the amount of work done in 
cooling surfaces of the a.rctic a.nd antarcbic regions. t,he course of such a cycle has been computed by Shaw 
The atmosphere as a whole does no useful work--the (12) .  Certainly the abundant rains of the doldrums 
atmospheric engine has an effic.ier1c.y zero-for most, of (and ot,her regions) are definite evidence that convection 
the work done is turned into heat by friction and tur- is operative in the atmosphere on a large scale; and the 
bu1enc.e in the air and the ocean, and ultimate,ly radiated ascent of the relatively small quantity of 100 cubic kilo- 
away. Hence in the long run there is a ba1anc.e het,ween meters of air per second to 15 kilometers, this air drifting 
incoming effective solar radiation and outgoing e.arth nort,h, c.ooling by radiation, de.scending in latitude 60°, 
radiation; this necessarily follows from the fact that no and returning equatorward, would contribute just 
part of the earth is continuously incre.asing or decreasing enough kinet,ic ene.rgy to the general circulation to re- 
in temperature. Since in the longzun the total thermal placc. the energy dissipated by turbulence. The descent 
effect is immeasurably small, the solar energy which of c d d  a.ir over the slopes of Greenland and the Antarctic 
passes through the atmosphere mere,ly maintaining t,he cont,inent would also cont,ribute some energy, but the 
status quo unte, we can not deal with the relation between computations of L. F. Richardson indicate that the 
heat and work by regarding the whole atmosphere ns a amount so contributed can be only a very small fraction 
unit. The dynainical effects attributed to the heating of that dissipated (IT). 
by solar radiation combined with the cooling by earth 

of separate parts of the atmosphere; we must therefore 
suppose a portion of air to be isolat’ed, and trace t,he 
thermal changes which it undergoes. 

Until comparatively recently, the nian1ie.r in which 
the atmospheric engine works seemed to present little 
difEculty: The ge,neral circulation was considered to be 
the direct consequenc.e of ascent of warm air a t  the 
equator and descent of cold air a t  the poles, there being 
a permanent circulation from equator to poles in the 
upper atmosphere, with a return flow in the surface or 
middle layers. Similarly, cyclones were considered to 
form in regions where the air was warmer than the sur- 
rounding air, with a consequent upward motion of the 

cyclone was considered to be a region of cold descending 
air (9). However, we now know that the atmosphere is 
thermally stratified and hence normally restrains large- 
scale vertical circulations, that there is no direct and 
regular exchange of air between polar and equatorial 
regions e.ither a t  the surfme or aloft, that some cyclones 
are relatively cold and some anticyclones relatively warm; 

tion with ordinary thermal convectmion. We are thus 
called upon profoundly to modify many of our simple 
conceptions and to solve many new problems (9). 

Probably most of the radiant energy from the sun is 
first converted into some form of potential energy which 

very little solar energy being converted directly into the 
kinetic form. The well-known mechanism of conversion (11) BRUNT, D. 

Brunt to be more applicable to thunderstorms and line 
squalls than to the general circulation. The transfer- 
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CONFERENCE OF T H E  INTERNATIONAL COMMISSION ON SOLAR RADIATION A T  DAVOd AUGUST 31 T O  SEPTEM- 
BER 2, 1925 

B y  H. H. KIMBALL . S - S / . S ; t O .  2 ( d f 2 . 2 )  

There we,re pre,sent a t  the conference the follow-ing The following were nominated for memhe.rship on the 
persons, who were, except the last, named, members of Commission : Messrs. h e r b l o m ,  Upsala; Linke, Frank- 
the commission: Messrs. J. Maurer, the president; A. fort; Moll, The Hague; and Volochine, Prague.. 
Angstrom, Stockholm; C. Dorno, Davos; L. Gorczybski, Among t,he, importmalit questions considered were the 
Warsaw; H. Hergesell, Lindenberg; Chr. A. Nell, The followiny : 
Hague; C. Schoute, de Bilt; R. Suring, Potsdam; and (1) The founding of a Central Institut,e for Solar 
F. Linke, Frankfort. Radiation. 

Sessions we.re held on the morning and t,he afternoon ( 2 )  Questions of t,he first importance in solar radiation 
of August 31 and on the mornings of September 1 and 2. (st,andardizat,ion of pyrheliometer.s, transmission coeffi- 

I Pr0ci.s Verbaux de la Conlbrence de In Commission Internationale de Radiation Solaire a Davos 31/6-!2/9, 1925. 


